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Magnetic Absorber

Magnetic Absorber

Figure 3.25: Magnetic Ram Installation (U)
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(S)  The reduction of the broadside sector RCS was also a program
objective. One technique studied to accomplish this was tc design a
transmissive structure for the tail side surfaces. This structure
would be similar to a radome in that the majority of the radar eneragy
would pass through the structure. An "A" sandwich (a radome term-
inolcgy) consisting of a honeycomb core sandwiched between two
electrically thin fiberglass skins was selected as the most promising
technique. The strength required for this sandwich restricted the
minimum skin thickness to between .020" and .030". Similarly, the
minimum density honeycomb that is allowable structurally was about

5 lbs./ft,3. The maximum reflection coefficient for a low density

(5 1bs/ft3) honeycomb covered with either .020" or .030" epoxy-
fiberglass skins is shown in Figure 3.26 and 3.27 at normal incidence
(0°) and at 30° from normal incidence, It was assumed that the
honeycomb thickness would vary from one inch to four inches in
thickness on the actual tail due to volume constraints. The curves
represent the worse case reflection and the values are much lower at
some frequencies for certain thicknesses of material. The reflected
energy shown is comparable to that from a broadband, structural,
specular absorber material. The transmissive panels are much lighter
and less expensive than most absorbers., The RCS of the interior
surfaces would have to be allowed for in a design using transmissive
Structure. The various spars, struts and structural members would
have to be appropriately shaped or treated to minimize the RCS. A
series of thin fiberglass panels were built to cover the vertical
tail model as shown in Figure 3.28. These panels electrically
represent the honeycomb sandwich panels with the .020 inch skins.
This panels were then evaluated by measurements on the RCS range as
described later.

(S) In addition a set of side panels (as shown in Figure 3.29) were
constructed from a structural, circuit-analog absorber. This
specular absorber material is designed to provide nominally 13 db of
absorption from 2-12 GHz. The CA absorber panels were only installed
over the center portion of the tail due to volume restrictions. A
thinner CA absorber to fit the more confined regions on the tail
would have to be used on the actual tail. The thinner CA would

probably not provide sufficient absorption at the lower frequencies
(below 4 GHz). '

(C) A series of tapered terminations along the absorber-metal
interfaces and on the trailing edge were also designed for inclusion
on the model. These devices are shown in Figure 3.30. The geometry
of these terminations are designed to scatter the travelling waves
and reflect them into non-critical areas.

3.4 Model Test Results

(C) The RCS reduction techniques described in Section 3.3 were
installed, singly and in various combinations, on the full-scale
tail model. RCS measurements were made at 2, 4 and 10 GHz on these
various model configurations to establish the RCS reduction achieved
The RCS for each configuration was examined in detail and a pre-
liminary design configuration established. The RCS data has been
summarized in terms of the ten degﬁre median values at each conic
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Figure 3.26: Reflected Power, .020-In. Skin Sandwich (U)
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Magnetic Absorber

Transmissive Structure

Figure 3.28: Transmissive Panel Installation (U)
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Figure 3.29: CA Absorber Installation (U)
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angle tested (0, +10, +20 and +30 degrees) across the forward, aft
and broadside sectors. An additional summary was performed by
averaging the ten degree median values (in db relative to one

square meter) for each sector and at each conic angle. These methods
of summarizing the RCS data are used to illustrate trends but they
also can hide some effects at particular test conditions or model
orientation. Therefore, the individual measured data were relied on
for the final analysis of the RCS reduction techniques.

(U) The RCS for each model configuration was analyzed for the

forward and aft sectors combined, and the broadside sector separately.
This was to isolate the influence of treatments to reduce broadside
RCS on the fore and aft sector RCS.

3.4.1 Fore and Aft Sector RCS Data

(C) The results of the various tests made on the model and the RCS of
the smooth model are shown in part in Figures 3.31, 3.32 and 3.33 for
frequencies of 2, 4 and 10 GHz, respectively. These figures show the
average of the ten degree median RCS over a +60° yaw sector from
nose-on (fwd) and tail-on (aft) at both vertical and horizontal
polarizations. Data is shown in Figure 3.31 at 2.0 GHz for the five
model configurations listed in Table 3-1. The panel joins and rudder
hinge gap were covered with metal tape for all the configurations
except the baseline.

(C) Configuration RCS Reduction Applied
Baseline No RCS treatment applied.
B Absorber leading edge, transmissive side

panels and rudder.

C Absorber leading edge and rudder,
transmissive side panels.

F Absorber leading edge and rudder,
circuit-analog RAM side panel
(left side only).

I Absorber leading edge and rudder,
metallic strip rudder termination
(Figure 3.22).

J Absorber rudder, metallic strip
rudder termination.

TABLE 3-1

(C) The dashed lines show the data for configurations F and J which
represent the preliminary design configuration with and without
broadside RCS control as discussad in Section 5.0. Configurations
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B and C (these incorporate transmissive side panels) were not tested
at 4 and 10 GHz. The 2 GHz tests on configurations B and C show a
substantial increase in nose and tail sector RCS. Furthermore, the
prototype transmissive panels used for these tests were not stiff
enough to support the model structure and the use of these panels

for additional tests could jeopardize the model. The use of
transmissive panels to control RCS is not excluded from consideration

and is discussed in Section 4.0. ]

(c) The forward sector RCS for horizontal polarization was of
primary concern at 2 GHz as the average over the sector reached
0.l sguare meter at a 20° conic angle for the untreated tail. The
forward and aft sector RCS at horizontal polarization were of
concern at 4 GHz as they both approach 0.1 square meters. The
10.0 GHz RCS was not as high for the antreated model and therefore
was of less concern.

(C) The absorber rudder and trailing edge (configuration J) con-
figuration shows a substantial decrease in RCS for the forward sector
at horizontal polarization. Note that a 3 db decrease (factor of 2)
in the average of the median RCS over a +60° sector usually indicates
a much larger reduction in RCS at particular angles within the sector.
This is illustrated in the curves of Figures 3.34 and 3.35. These
curves show the ten degree median RCS at 2.0 GHz and 4.0 GHz for the

untreated model and for configuration J.

(C) A substantial RCS reduction in the forward sector for horizontal
polarization is noted for configuration J at 2 GHz. The vertical
polarization shows some differences with the near nose-on and tail-
on values lower for the J configuration whereas the opposite is true
for the angles between 30° and 60°. The aft sector RCS at

horizontal polarization 1is higher for configuratior J at 2 GHz but
below 0.1 square meters. This increase is due to the electrical
discontinuity between the absorber and metal surfaces. The absorber
installation was designed to provide as smooth a physical transition
as possible but the prototype absorber structure did not include a
suitable electrical transition. The required transition can

probably be achieved by gradually tapering the absorber to a thin
edge at the forward edge of the part. The design of suitable edge
transitions is a subject worthy of additional study. This transition
is critical to the travelling waves 1nunched from near tail-on
aspects and reflected at the metal-absorber join. Apparently the
termination provided for travelling waves launched from near nose-on
aspects is somewhat better judging by the lower RCS attained.

(C) The RCS reduction achieved by incorporating the absorber rudder
: and trailing edge surface is substantially improved at 4.0 GHz and
at 10 GHz in both the forward and aft sectors. The ten degree median
RCS at 4 GHz is shown in Figure 3.35. The measured RCS at 4 GHz
horizontal polarization) is shown in Figure 3.36 to illustrate the
substantial RCS reduction achieved at this frequency. The RCS at
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vertical polarization is increased at a +30° conic angle at 10 GHz
compared to the untreated model. Again the absorber-metal join is
fe.lt to be responsible for this return.

(C) The effect of an a:zsorber leading edge fairing in combination
with the rudder and trc.iing edge treatment (Configuration I) was
not substantial and was not included in the final preliminary design.
The effect of +his treatment can be seen by comparing the data from
configurations I and J.

'S) The incorporation of the circuit-analog (CA) absorber on the
Lef* side of the model (Configuration F) provides for a substantial
increase in the forward and aft sector RCS at 4.0 and 10 GHz. The
increase at the lower frequencies is probably due to the physical
discontinuties which are present for the test panels. The increase
at 10 GHz is a phenomena associated with the CA absorber. These
absorbers provide a large lobe, analogous to a grating lobe from
array structures, at the upper microwave frequencies (above 9.0 GHz).
This phenomena has been observed in previous tests and is a short-
coming associated with this type of absorber. The final preliminary
design discussed in Section 4.0 shows a specular absorber installed
on the side and leading edge of the tail to reduce the broadside
sector RCS. <he feasibility of developing a suitable absorber for
this application which does not influence the forward and aft sector
RCS can be best determined through additional study.

Broadside RCS

(C) The two techniques studied for control of the broadside RCS
(transwmissive and absorber panels) were designed to remove the large
specular lobe from the tail at near broadside aspects. The reduction
in the specular RCS is relatively straight forward, however the
major difficulty is in maintaining the low forward and aft-sector
RCS when incorporating the reduction techniques. Regarding the
broadside RCS the transmissive panels are more effective at lower
frequencies and the circuit-analog panels are more effective at the
higher frequencies.

(S) In general these techniques provide for a 6-10 db reduction in
the broadside RCS. The unreduced median RCS is about 100 square 4
meters at broadside and can be reduced to 10 or 20 square meters
depending on the frequency. The transmissive panels have an advan-
tage in cost and weight over the circuit analog or multi-layer
absorber panels. Unfortunately both techniques have shown adverse
effects on the forward and aft sector RCS. Techniques for reducing
these effects (such as shaping the internal spars and frames, or
designing multi-layer absorber without the grating "lobes") are
suggested but additional research into these problems are required.
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4.0 LOW RCS TAIL-PRELIMINARY DESIGN

(S) The preliminary design for a low RCS tail is shown in Figure 4.1.
Significant design features are:

1) The rudder and trailing edge is constructed of a nominal
0.10 inch thick fiberglass laminate with iron-loaded,
epoxy resin matrix. The resin is an Emerson and Cumming
CR-124 or equivalent.

2) The leading edges of the absorber laminate are tapered to a
thin edge to provide an appropriate electrical transition.

3) All surface gaps and discontinuties are controlled and
filled with an electrically conductive filler if required.
A nominal .050 inch maximum surface discontinuity is
assumed. This tolerance would be verified during design
development.

4) The rudder hinge slot is covered with a flexible metal flap.
This is tapered to provide a smooth transition onto the
rudder surface. A rudder movement of +15 degrees has been
assumed. The hinge flap geometry would be adjusted
accordingly to provide for additional rudder movement.

5) A structural, multismlayer specular absorber construction
is shown for the tail side and leading edge surfaces. This
is an optional feature to control broadside RCS. The
details of the absorber are not shown and would have to be
developed. A conventional frame and skin construction with
a metallic surface is recommended if no broadside RCS
reduction is required,

(U) The use of this tail will influence airplane cost weight and
aerodynamic drag as follows:

Cost

(C) The costs associated with the absorber laminates, hinge flap and
surface finish control are very small. There will be some development
costs but not significantly larger than the cost of developing ;
conventional structure. Recurring costs are essentially identical
to that of a conventional structure. The use of a structural absorber
side panel will involve somewhat larger design and recurring costs. .
Past experience in these materials has shown that close tolerances are
required and the costs are increased accordingly. However, based on
previous studies the absorber costs will not be significant compared
to the total airplane costs. Total cost differentials will be on
the order of $1000 per aircraft.
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Weight

(C) The weight increase (compared to the conventional construction
used for the baseline) associated with the absorber laminate parts
will total about 50 lbs. for the tail. This assumes a 2.3 lb/ft2
increase and is based on the weights of the test specimens built
during this study. A lesser surface area treatment will possibly
provide a comparable RCS with lesser weight., This would be deter-
mined during the design program,

(C) The structural absorber (if used) will also provide a 50 1b.
increase in the weight of the tail assuming a 1 1lb/ft2 increase,
typical of this type of material.

Aerodynamic Drag

(C) The rudder hinge flap and surface finish control will provide
for a reduction in drag. The total drag reduction is probably not
significant (depending on the total airplane drag) and can be ignored.
The design shown will provide for a low-forward and aft-sector RCS
(assuming the specular absorber is not included) at no significant
cost cr aerodynamic penalty. The weight increase shown (50 1bs)

consiclers only the tail treatment. A total airframe treatment would
likely result in a 200 1lb. weight increase.

(C) This represents less. than one percent of the total airplane
gross weight (assuming a typical. 25,000 to 50,900 1b, airplane) and
the airplane can be sized to maintain mission performance with this
weight increase. The optional feature of incorporating specular
absorber for broadside RCS control has a small cost increase
associated with it as well as providing another 50 1lb. weight
increase. Furthermore, the broadside RCS reduction which could be
achieved (6-10 db) may compromise the forward and aft sector RCS.
Shaping techniques combined.with some absorber is considered a more
practical solution to the broadside sector RCS problem.
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5.0 TOTAL AIRFRAME RCS

() This program has been directed towards the analysis and control
of the RCS from a vertical tail. The remaining control surfaces,
horizontal tails, wings and other surfaces (canards, etc.) are
Limilar and the results of this study will generally apply. The
study has shown that the untreated vertical tail will provide an
average RCS over the forward sector near 0.1 square meter. When
the other control surfaces are considered it is likely that an
average RCS near 0.5 or 1,0 square meter will result for many
airplanes. Furthermore, at certain angles the ten degree median
RCS can exceed 1.0 square meter from any one surface and the peak
RCS can go as high as 10 square meters. If even moderate levels of
RCS (1-10 square meters) are required the RCS from the control sur-
faces will be a major RCS contributor.

(S) The RCS reduction techniques developed during this study can
(assuming a continuing design and development program) provide RCS
levels below .0l square meters for the various control surfaces in
both the forward and aft sectors. A total forward and aft sector
airframe RCS near .0l square meters is felt to be realizable and
practical based on these preliminary results.

(C) The results of this study clearly indicate that treatments to
reduce the broadside sector RCS must consider travelling wave
reflections to maintain a low RCS in forward and aft sector as well.
At this time shaping of the airframe in conjunction with absorbers
or other treatments appears to be the most effective approach to
control of the RCS in the broadside sector. This also will have to
be substantiated with additional research. Broadside sector RCS
control has not been explored in a. thorough comprehensive manner for
any but a few specialized aircraft. Therefore there are numercus
unresolved questions as to how to contrel the RCS in the broadside
sector.

(C) The analysis and test results presented in this report are
directly applicable to any type of control surface. Furthermore,
this program has provided for confidence that the forward and aft
sector RCS from control surfaces can be effectively reduced.
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6.0 CONCLUSIONS

(U) The analysis of the results of this program has led to several
conclusions relevant to the RCS and the RCS reduction of aircraft
control surfaces. These conclusions have been verified by experiment
and are applicable to control surfaces in general.

(s) 1) The control surfaces can provide a RCS which can approach
0.5 to 1.0 sq. meters in the forward and aft sectors. This
contributior is predominately from travelling waves and has
not been accounted for in prior airplane RCS studies.

(U) 2} The travelling wave RCS contribution is primarily due to
near planar surfaces. Curved surfaces will not provide
substantial travelling wave backscatter.

(S) 3) The travelling wave RCS for control surfaces is predominate
for the low to mid-band microwave frequencies (about 2-8 GHz).
At higher frequencies the RCS from travelling waves are con-
fined to very narrow angular regions and the airplane sur-
faces are more curved (relative to the radar wavelength),
reducing the backscattered travelling waves.

(S) 4) The RCS from the control surfaces can be reduced to a level
of below .01 square meters in the forward and af: sectors,
by "smoothing" all surface discontinuties, incorporating
absorber for abrupt edge terminations (noteably trailing
edges) and by appropriately shaping all metal - absorber
transitions.

(S) 5) The broadside sector RCS can be reduced by about a factor
of 4 {-6 db) using either absorber or transmissive
structure. This can increase the RCS in the forwvard and
aft sector unless suitable edge transitions and/or internal
structure treatments are provided.

(C) 6) Absorber structure suitable for attenuation of travelling
waves can be provided using a laminate of fiberglass with
an epoxy matrix loaded with a suspension of magnetic
particles. This absorber can be designed to provide a
significant normal incidence (plane wave) attenuation.

’\

(U) These conclusions are derived from the results of the studies
conducted during this program. The program has successfully
identified the nature and extent of the RCS for control surfaces,
developed RCS reduction techniques for these surfaces and established
requiremeats for further study (described in Section 7.0). The
program has provided preliminary understanding of the backscatter
from airplane control surfaces.
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7.0 RECOMMENDATIONS

(U) There have been several technical cuestions raised as a result
of the studies conducted during this program. The resolution of
these questions is necessary to achieve a sound technical basis for
attaining low RCS for aircraft. Thererore, the following recommenda-
tions for additional research are provided in order to identify those
areas where technology deficiencies exist and to propose an approach
to remove each of these deficiencies.

(C) 1) Broadside Sector RCS Control

The incorporation of techniques to reduce the broadside
sector RCS made during this study showed a substantial
increase in the forward and aft sector RCS. The
techniques studied included both transmissive and
absorptive structures. Additional studies are required
to explore broadside RCS reduction techniques which are
compatible with low RCS in the forward and aft sectors.

(U) 2) Travelling Wave RCS

The nature of travelling waves was explored on a pre-
liminary basis using a semi-emperical approach during

this program. A more thorough study which would develop

a theoretical description of the travelling waves, with
experimental verification is required. The study should
examine the effects of surface roughness, shape and edge
terminations. In addition, the inclusion of dielectric
and/or magnetic materials along and adjacent to a

metallic surface should be studied. The launching
mechanism for travelling waves should also be examined

and include radius of curvature and edge shape. The study
would provide a more precise theoretical description of
the RCS due to travelling waves and a basis for the design
of treatments to reduce the RCS from the surface details
(small gaps, absorber edges, etc.).

l
]
|

(C) 3) Magnetic Absorber Structure

The use of a magnetic structural absorber has been demo-
strated during this program. However, the improvements in
electrical and structural performance which can be realized
for this type of material should be examined further.

The design of this type of material to attenuate both
travelling waves and the near-ncrmally incident plane waves
should be studied. The influence of shaping the material
and combining the magnetic laminates with other absorbers
should be established. This type of material is particul-
arly suited to aircraft applications where very low RCS is
required. In general these recommended studies are neces-
sary if levels of RCS below 1 square meter are required.
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